We present the results of a pair of 100 ksec Chandra observations in the Small Magellanic Cloud to survey HMXBs, stars and LMXBs/CVs down to L x = 10 32 erg/s. The two SMC deep-fields are located in the most active star forming region of the bar. Deep Field-1 is positioned at the most pulsarrich location (identified from previous surveys). Two new pulsars were discovered in outburst: CXO J004929.7-731058 (P=894s), CXO J005252.2-721715 (P=326s), and 14 candidate quiescent pulsars were identified from their timing and spectral properties. Out of 12 previously known pulsars in the fields, 9 were detected, with pulsations seen in five of them. This demonstrates for the first time that a significant fraction (at least 60%) of these systems have appreciable accretion driven X-ray emission during quiescence. Two known pulsars in the field were not detected, with an upper limit of L x < 5 ×10
INTRODUCTION
The Small Magellanic Cloud has proven to be an incomparable laboratory for astrophysics. The SMC is dwarf irregular satellite of the Milk Way, and unlike all other members of that group is experiencing an era of intense star formation. Situated in a part of the sky unobstructed by the galactic plane, the SMC affords a ringside seat to the unfolding drama. The combination of low extinction (nH ∼10 21 ) and a small physical dimensions in relation to its distance from earth (53 kpc ) effectively puts the entire population at a common distance. A substantial fraction of the SMC can be observed simultaneously thanks to its compact size, which facilitates population studies.
Monitoring surveys with e.g. RXTE ) only see pulsars in outburst at >10
36 yet most X-ray binary pulsars spend the majority of the time in quiescence. In order to obtain a measure of the true population, it is necessary to observe and count X-ray pulsars in their low luminosity state. The very concept of a quiescent low-luminosity state is an open hypothesis, so we target a densely populated environment at known distance and low nH with sufficient sensitivity (10 33 erg/s) to detect the unseen majority. Based on observational evidence and theoretical calculations we predicted that Chandra could detect these systems, or place strong restrictions on the quiescent emission scenarios if none were found.
The focus of this paper is the search for X-ray pulsars in a quiescent state. That is, exhibiting emission (whether pulsed or not), at times other than during a type I or "normal" periastron outburst (and excluding type II, "giant" outbursts) . In this work 5 we present new evidence for quiescent emission in previously known pulsars, whose expected outburst dates are predicted by ephemerides. However if the SMC harbors a large population of systems that spend most of the time in quiescence it will not be possible to find their orbital parameters by X-ray monitoring. Instead these systems can only be found by deep pointed X-ray observations with sufficient angular resolution to guide searches for optical counterparts. The orbital parameters can then be measured by photometric monitoring or radial velocity studies. There are two compelling scenarios that lead us to expect that such a population exists.
(1) The physics of magnetically channelled accretion (see for example (Frank et al.) ) predicts the existence of a centrifugal barrier. Magnetic field lines emanating from the neutron star's polar regions co-rotate with the NS itself, causing plasma attached to the field lines beyond the co-rotation radius (where the keplerian orbital period equals the NS rotation period) to be flung away by centrifugal force. For accretion to occur, the ram-pressure of the infalling matter must drive the magnetosphere boundary inside the co-rotation radius (r c ). Matter orbiting inside r c has angular velocity equal to or greater than co-rotation, and is channelled onto the NS polar caps, spinning up the pulsar in the process. This condition is a strong function of pulse period because the r c gets progressively closer to the NS surface for increased spin rate. The most rapidly rotating neutron stars are therefor only expected to switch on as pulsars at very high mass transfer rates. Observational evidence for this picture is mounting, as many more outbursts are seen in SMC pulsars with periods longer than a few tens of seconds, compared to shorter period systems.
(2)The majority of X-ray pulsars, and all but one of those in the SMC with identified optical counterparts, have been found in binary systems with Be-star companions (See (McBride et al. 2008 ) for a recent review of the evidence). The accreted material powering Xray emission from the pulsar comes from a circumstellar disk around the Be star. The exact mechanism of disk formation is unclear at present, but progress has been made in understanding the disk-NS interaction (Okazaki and Negueruela. 2001) . Several lines of observational and theoretical evidence point to the role of orbital eccentricity in producing regular "normal" (type-I) X-ray outbursts in Be-HMXB. Systems with circular orbits (or nearly so) are thought to exhibit only occasional giant (type-II) outbursts. It is further speculated that these systems can experience constant low-level accretion, yielding X-ray luminosites not detectable by the pre-Chandra generation of instruments. In the MilkyWay, the Be/X system X Persei is the prototype of this class with eccentricity=0.11, and there are at least two other galactic examples (Delgado-Marti et al. 2001) . X Per fortuitously lies somewhat out of the galactic plane otherwise it would be hidden by dust/gas, as we presume are many of its brethren. The X-ray luminosity of X Per varies, but is seldom above L x =10 35 erg/s. Our expectation is that X-ray binaries containing fastrotating neutron stars, and those with circular orbits are under-represented in current catalogs. In both cases due to low quiescent luminosity and the infrequent occurrence of giant outbursts. One of our aims is to provide a complete sample of X-ray binaries, with greatly reduced luminosity bias compared to the existing sample. Stellar population synthesis models will greatly benefit from hard numbers upon which to base the relative probabilities of various evolutionary paths. For example in modelling the supernovae that occur in formation of XRBs, one needs to reproduce the actual distribution of orbital periods and eccentricities. If current catalogs under represent systems with large orbital separations and low η the input to these models will be flawed.
Studies of archival Chandra data for a large number of galaxies by (Grimm et al. 2003) have found an apparently universal correlation between star formation rate (SFR) and the integrated luminosity of HMXB. The absolute number normalization of this relationship is however unknown, because sufficiently faint fluxes have not been probed to discover the underlying numbers of HMXBs. It is for example physically relevant to know the number of neutron stars formed in binaries per unit SFR, which one might not be able to tell purely from the luminosity function, if it is missing a significant sub-class of HMXB.
We present the complete X-ray source catalog as an electronic table accompanying this paper. We describe below in detail the properties of the brightest sources, and give an analysis of the timing and spectral properties of the sample, focussing on X-ray pulsars. An optical survey is being conducted in parallel to enable more robust and complete classifications of Xray binaries, Cataclysmic variables, stellar coronae and background active galactic nuclei (AGN). Initial results are reported by ).
OBSERVATIONS AND DATA REDUCTION
The two SMC deep-fields are located in the most active star forming region of the bar. Deep Field-1 (DF1) is positioned at the most pulsar-rich location identified from previous surveys. The DF1 coordinates also coincide with the primary position used by the RXTE monitoring program ) (herafter L05), for weekly pulsar observations of 5-10 ksec duration for the past 8 years. Deep Field-2 (DF2) was previously observed with Chandra in 2002, as reported by (Taylor et al. 2003) . The earlier observation was a 10 ksec ACIS-I observation which discovered two new pulsars and a bright supernova remnant. The two SMC Deep Fields were each observed for a total of 100 ksec as detailed in Table 1 . For mission operational reasons the observations could not be scheduled as contiguous blocks, a circumstance anticipated in advance. DF1 was observed in two observations of ∼ 50 ksec each, over the course of two days. DF2 was split into 3 observations spread over three days. Aim-point and roll-angle were identical for the observations making up each field, so as to simplify the data reduction. The Advanced CCD Imaging Spectrometer (ACIS) was used, with the ACIS-I array at the aimpoint and CCDs I0-I3 & S5-S6 taking data in the full unfiltered sensitivity range (nominally 0.3-8 keV). Timed exposure, faintmode was used with the default "most-efficient" frame time of 3.2sec. Smoothed images of the Chandra data are shown in Figures 1 & 2 .
The data were stacked and reduced using the processing pipeline developed at CfA for the Chandra Multiwavelength Project (ChaMP, (Kim et al. 2004) ). The pipeline performs all standard Chandra calibrations and corrections including exposure-map correction, cosmicray afterglow removal, aspect solution, charge-transfer inefficiency, effective area, and time-dependent energy response (due to contaminant buildup on the ACIS optical blocking filter). Source detection was performed with the wavedetect algorithm, on images extracted in three energy bands (Bx=0.3-8 keV, Sx=0.3-2.5 keV ,Hx=2.5-8 keV) at all available spatial scales (1, 2, 4, 8, 16 ). Xray source properties were measured using the aperture photometry procedure described by (Hong et al. 2005) , which accounts for neighboring sources with overlapping source or background regions. The full position dependent instrument sensitivity is accounted for by application of the exposure-maps and response matrices generated by the ChaMP pipeline. Positional error circles are assigned to each source based on net counts and distance from the aim-point, according to the now standard model of (Hong et al. 2005) which is based on detailed simulations of the full Chandra optical path and ACIS characteristics. Source detection and photometry were performed both on the observations in table 1 and the complete stacked data-set for each field. The resulting object lists were then combined to yield a catalog of unique sources, with the best measurement of each source used to define its coordinates and error circle. In nearly all cases the stacked Bx image provided the best measurement with the following exceptions. Variable sources which may be detected at better S/N in a particular observation, and particularly hard or soft sources which may achieve the best S/N in the Sx or Hx images.
TIMING ANALYSIS
Light-curves were extracted in units of net rate (i.e background corrected counts per second) using good events from source and background regions of every suf-ficiently bright object detected. The lightcurves were extracted following the usual CIAO analysis thread with the tool dmextract at time resolutions of 1, 4, 8, & 16 times the intrinsic ACIS frame-time of 3.2s. Power density spectra (PDS) were computed using the LombScargle method (Scargle 1982 ) and all periods above 90% significance were recorded. Due to scheduling constraints our 100 ksec observations were split (see table 1), so the lightcurves were analysed both independently and whole. The number of counts needed to unambiguously detect a pulse period depends on the ratio of period to observation duration, sampling interval, pulse fraction and pulse profile. Taking an optimistic cut at >100 net counts in 100 ksec, provides a lower threshold of approximately 10 3 4 erg/s for detecting periodicities in SMC pulsars. The threshold for detecting a source without regard to timing properties is about ten times fainter. For comparison the pulsation detection threshold for the RXTE SMC pulsar monitoring program ) is approx. 10 36 erg/s, and only pulsed sources can be detected. A periodogram analysis was conducted blind (period search range 6-2000s) on every source with more than 50 net counts per lightcurve segment, or 100 net counts for the stacked data. Deep Fields 1 and 2 contained 19 and 14 sources respectively with >100 net counts. Spurious periods are expected near the Chandra dither periods (1000s, 707s), their harmonics (principally 500s, 353s) and the ACIS sampling period (3.2s). Timing artifacts are only expected for sources that fall close to a CCD edge or node boundary. In this situation the dither offsets can periodically move all or part of the source region on and off the detector, resulting in a modulation of the count-rate. Examples of dither artifact can be seen in the PDS of several sources and are identified in the captions and/or accompanying text. For each source with a positive period-detection, the data were folded at the most probable period and grouped in10 bins per period. In order to analyze the pulse profiles in a uniform manner, our folding code automatically establishes the epoch of peak flux by folding the data using the first data-point as a trial epoch. The data are then folded a second time using the derived epoch. Pulsed flux fractions were computed from the binned pulse-profiles according to the formula f p = (f max − f min )/f max . We note that f p tends to unity as the un-pulsed flux approaches the sensitivity limit of the observation. Thus pulse fractions have a natural tendency to be overestimated and values consistent with 1.0 are in fact upper limits. The phase-folded data-points were also processed with the loess algorithm (a non parametric smoother (Cleveland 1981) ) to obtain an un-binned visualization of the pulse profile.
NEW PULSARS
Two previously unknown pulsars were discovered in outburst with periods of 892s, 326s, and fourteen quiescent pulsar candidates were identified, principally from their timing properties.
Detected in Deep Field 2 with 1434 net counts. Figure 3 , the 892s pulsation is detected at very high significance as shown in figure 3 . The derived luminosity is L x = 9.3×10 34 erg/s, consistent with a faint type-I (normal) outburst from a Be X-ray binary pulsar. The ACIS spectrum from 0.35-8 keV is well fit by a power-law with photon index γ=1 3, with very low extinction. DF2 was observed by Chandra in 2002 for 10 ksec, SXP326 was not detected. Had it been active at the same level it would have registered ∼143 counts, thus it's transient nature is confirmed. It has also never been seen by RXTE, which has occasionally observed at positions with significant response at the coordinates of DF1.
CXO J005252.2-721715 -SXP326
Found in Deep Field 1 with 9292 net counts. The 326s pulsation is detected at very high significance as shown in figure 5 . The derived luminosity is L x = 5.5×10 35 erg/s, consistent with a moderate type-I (normal) outburst from a Be X-ray binary pulsar. The ACIS spectrum from 0.35-8 keV is well fit by a power-law with photon index γ=1 3, with very low extinction. DF1 is monitored regularly by RXTE, which has never detected SXP326, therefore either the pulsar is rarely in outburst, or its normal outbursts are always below the RXTE detection limit of ∼10 36 erg/s 4.1. Candidate Quiescent Pulsars We show in Table 2 the timing-analysis parameters for 14 faint pulsars discovered in this work. The luminosities of these sources are in the range of a few 10 33−34 erg/s, substantially below the level of a normal (Type-I) outburst (>10 36 erg/s). It is also unlikely that so many systems would be at periastron simultaneously. We therefore propose we are detecting pulsars with persistent low luminosity X-ray emission. The pulse periods of these sources (6.3s -655s) span the usual range. Comparison with the period distribution of pulsars seen by RXTE shows a slight excess of quiescent pulsars with periods below 100 sec, but a KS test shows it is not significant (P=0.34). All but one pulsar were found in the ACIS-I data, the source XS07156B7 001 on the ACIS-S array was found with a period 6.3s.
Two supernova remnants (SNR) are visible in Figure 2, and each has a candidate pulsar within its borders. CXO J005059.0-732055 with P=9.39s is involved in the outer region of the bright SNR discovered by (Taylor et al. 2003) .
The 8.94s source CXOPSJ004905.1-731411 ( Figure 12 ) appears to be near the center of the fainter SNR. These alignments could be coincidence given the density of sources in the field and size of the SNRs.
The source CXO J005215.4-731915 ( Figure 13 ) was detected in Deep Field 2, and lies within 7.5 arcsec of SXP15.3, however we detected a seperate and distinct source at the exact reported coords of SXP15.3, as can be seen in Figure 2 . What appears to be the same object was detected in one of the individual exposures, as XS08479B2 014 with pulse period 8.234s at 94.2% significance so there is some ambiguity as to the correct pulse period.
The spectral/quantile analysis presented in section 7 identified three sources with enough counts for unambiguous determination of their spectral index. In the quantile plane (S/N¿10) they are indistinguishable from known pulsars. Power spectra of these sources were re-examined for weak pulsations. For CXO J005057.1-731008 ( Figure 9 ) we found a period of 98s (71% sig-nificance). For CXO J005215.4-731915 (Figure 13) we found a weak periodicity at 7s (62 % significance). In CXO J004905.1-731411 (Figure 12 ) we found a period of 8.94s (93.3% significance). A lower detection threshold is justified because there is a strong reason to suspect the sources are pulsars based on the spectral evidence. The detection threshold used for our other pulsar candidates was set at 90% as a result of these spectrally supported identifications.
KNOWN PULSARS
There are 12 known X-ray pulsars covered by these observations: seven in Field-1 and five in Field-2. We detected strong pulsations in six of the known pulsars (SXP756, SXP316, SXP172, SXP138, SXP59, SXP8.89) and tentatively detect weak periodicity in one more (SXP15.3). Two additional pulsars (SXP9.12, SXP7.78) were detected but without pulsations being discernible. Most of the known Be/X-ray binaries in the SMC are seen regularly by the RXTE monitoring program , (Galache et al. 2008) , and as a result have known X-ray ephemerides. We calculated the X-ray outburst phase for each detected pulsar in order to search for quiescent emission in systems far from periastron. The ephemeris convention used by L05 places the peak in the folded X-ray lightcurve at phase=0, while G08 place the peak at phase=0.5. The RXTE data provide additional because we know the general state of activity in each pulsar around the times of the Deep Field observations.
Three known pulsars in our fields were not detected: SXP4.78 has no ephemeris. SXP46.6 was at phase 0.33 (G08 ephemeris, P=137d) which is slightly before flux is typically detected by RXTE . SXP82.4 was at phase 0.86 (G08 ephemeris, P=362d) which is after the normal phase-range of RXTE detections.
Detected with pulse period 746s in deep field 2, the outburst phase (L05 ephemeris) of the system was 0.7, in the quiescent portion of the long-term lightcurve, and presumably far from periastron.
CXO J005044.6-731605 -SXP323
We detected a bright source with pulse period 316s, located at the coordinates of SXP323, it is likely the same pulsar. Although the period differs significantly from the long-time average value of 323s, the RXTE monitoring program recently detected the system in outburst on MJD 52960 with pulse period 317s (100% period-detection significance, uncertainty<0.1s). (Galache et al. 2008) attributed that outburst to a Type II (super-outburst) event, which we suggest has spun-up the pulsar. At the time of the Deep-Field-2 observation (MJD 54061) the outburst phase of SXP323 was 0.8 (G08 ephemeris) and the pulsar was far from periastron.
CXO J005151.9-731033 -SXP172
SXP172 was detected with pulse period 171.8s in Deep Field 2 (MJD 54061 ) with 2-10 keV luminosity L x = 1.53×1035erg/s. The pulsar has historically shown a prolonged episode (MJD 51500-52500) of steady spin-up (see (Galache et al. 2008) , figure 30 ). The period detected here is in line with the end of that active episode, indicating the pulsar has not continued to spin up during the ∼1000 days since its activity dropped below the detection threshold of RXTE, nor has it spun down appreciably. The X-ray outburst phase for SXP172 on MJD 54061 was 0.32 (L05 ephemeris), placing it reasonably far from peak-phase. This pulsar has historically been seen in outburst at times uncorrelated with the X-ray and optical period.
CXO J005323.9-722715 -SXP138
This source is confirmed by its coordinates as SXP138, in addition to the previously known pulse-period of 138s we detected a number of other periods. Observation XS07155B2: 688 net counts. Periods: 972.76s, 500.25s, 333.33s , 138.88s (972/7), 83.97s, Observation XS07327B2: 537 net counts. Periods: 970.87s, 334.45s, 161.29s (970/6), 138.89s (970/7). We note the 138s period contained the most power as shown in figure 8. Analysis of the combined light-curve of both observations revealed highly significant periods at 500. 000, 333.333, 161.290, 138.888 . The exact factors (500, 333.33) of the Chandra Y-axis dither period (1000s) suggests at least some of these periods are due to the source being moved back and forth across a chip edge or node-boundary. Indeed CXO J005323.9-722715 lies within 10" of the CCD's edge. It is not easy to see why the remaining periods (972,161,138) should follow a separate precise relation, unless one of them is a pulse period and the others are harmonics. Careful analysis of the two individual observations and the full lightcurve shows that although both segments alone show a 138s period modulated at 972s, the phase of the long periodicity is different in the two obsids and in consequence is totally suppressed in the full lightcurve. We conclude the additional periods are an interaction between the pulse period and Chandra's dither. At the time of the Deep-Field-1 observation (MJD 53851) SXP138 was at outburst phase 0.005 (G08 ephemeris), which is the point of minimum flux, and assumed to be far from periastron.
CXO J005456.1-722648 -SXP59
The source was detected in the Chandra observation of Field 1 at a luminosity of 1.83×10 34 erg/s with pulse period 58.8 s. According to the ephemeris of (Galache et al. 2008) , MJD 52306.13.7 + n×122.10±0.38 d, which defines phase=0 to coincide with peak X-ray luminosity in the lightcurve folded at the orbital period. SXP59 was at outburst phase 0.65 during the Deep Field 1 observation on MJD 53851. We measured a pulse period of 58.85815s which is longer than the last reported measurement by (Galache et al. 2008) on MJD 54000, but in line with the long term average value. SXP59 tends to spin-up when in outburst, and spin-down in quiescence. The outburst phase (G08 ephemeris, P=122d) was 0.6 during the DF-1 observation, which is within the range of normal outbursts seen in SXP59.
5.0.6. CXO J005213.9-731918 -SXP15.3
Deep Field 2 registered a clear detection at the exact coordinates of SXP15.3. We detect 147 net counts (L x = 6.77 × 10 33 erg/s) with a powerlaw spectrum. We do not see any significant pulsations. There is no X-ray ephemeris for SXP15.3, but (Edge 2005) produced an optical ephemeris (P=75d) from optical photometry of the counterpart. Accordingly the (optical) outburst phase was 0.13 on MJD 54061.
5.0.7. CXO J004913.5-731138 -SXP9.13
We detected a bright (1178 net count) source in DF-2 at essentially identical coords to those reported for SXP9.13 (within our 0.5' error radius). However pulsations were not detected, which is remarkable given the source brightness. The time resolution of the Chandra ACIS data is 3.2 sec, which is sufficient to critically sample the 9.13s pulse period, the pulse fraction must therefore be very small. We measured a luminosity of L x = 8.5 × 10 34 erg/s (from fluxBc). The outburst phase (G08 ephemeris, P=77d) was 0.82, which is outside the range of the normal outbursts seen in SXP9.13, and therefore presumably far from periastron.
Detected in Deep-Field 1, with pulse period 8.89s. The outburst phase was 0.75 according to the ephemeris of (Corbet et al. 2004 ) (P=28d) who defined peak flux at phase=0. This detection is therefore outside of the normal range of outbursts. The source fell on the ACIS-S array observation of DF1 (XS07327B2 024).
SXP7.78
A source was detected in Deep field 1 at the coordinates of SXP7.78. With 72 net counts the detection is highly significant and yields accurate position and quantile information, but the lightcurve is insufficient for period analysis. The outburst phase (G08 ephemeris, P=43d) was 0.62 which is within the normal range for SXP7.78
VARIABILITY OF NON-PULSED SOURCES.
X-ray variability is the hallmark of accretion and is also characteristic of flaring stellar coronae. Cataclysmic variables (accreting WDs) and Low-Mass X-ray binaries (LMXBs: both NS and BH systems) exhibit aperiodic variability (flickering) over a wide range of timescales from milliseconds up. Such variability produces a characteristic power-law distribution (red noise) in the PDS which can be spotted by visual inspection.
PDS analysis is not feasible with fewer than about 100 counts, so llghtcurves binned by 16 times the ACIS frame time were visually inspected for all sources with at least 50 counts in the stacked dataset. This search turned up a large flare in CXO J005428.9-723107, lasting for ∼3000 sec at the end of the first of two 50 ksec exposures of Deep Field 1, shown in figure 16 . None of the other 95 sources so examined showed any similar feature. The power spectrum of the flare is shown figure 17, no periods, QPOs, or red noise are evident. Subtracting the total net counts for the source during the second exposure from the first (259cts -32cts), we obtain an estimate of 277 counts in the flare. Comparing quantiles for the source between exposures, the flare (median energy E50 = 1.288 keV) was harder than the quiescent emission (E50 = 1.021 keV). The quantile values during and post flare are plotted in the bottom panel of Figure 14 . During quiescence the source is consistent with a fairly cool thermal plasma (kT∼ 0.4 keV) and the extinction is clearly low although poorly constrained. During the flare the quantile moves to higher temperature (kT∼1keV) and we obtain a better constraint on the extinction, confirming its very low value (nH≤10 21 cm). A fit to the X-ray spectrum of the observation containing the flare is shown in figure 18 . The fitted model is a Raymond-Smith model (optically thin thermal plasma) with solar abundance, plasma temperature kT=2.5±0.4 keV and essentially zero extinction, the reduced χ 2 = 1.14 (20 degrees of freedom). Fixing the extinction at nH=10 21 makes the χ 2 slightly worse (1.4). The Mekal model gave consistent results (kT=1.7±0.3 keV, χ 2 =1.2). For comparison we fit an absorbed powerlaw (Γ=3±0.3, nH=2.6(±1)×10 21 χ 2 =0.64).
SPECTRAL ANALYSIS
X-ray spectral analysis requires a reasonable number of photons, and was performed for the 14 sources with more than 250 net counts in the stacked dataset. Spectra were extracted from the XPIPE source and background event files using CIAO 3.4, and grouped to give 10 source counts per spectral bin. Spectral fits were performed with XSPEC, the results are given in table 3. All but one of these sources are pulsars and are well described by the power-law model typical of X-ray pulsars over this energy range. Spectral indices are 0.7-1.8 and derived neutral hydrogen column densities lie in the range 0.6 -10 ×10 21 . Pile-up (multiple photons arriving within a single ACIS pixel during one 3.2s readout.) can be safely ignored for all our sources, the brightest of which contributes 0.10 counts/sec
The majority of the sources in our catalog are too faint for spectral fitting, we therefore turn to quantile analysis (Hong et al. 2004 ). Quantile analysis is a method to optimally extract spectral information from low-count X-ray sources, without imposing arbitrary energy-bands choices. The advantage over X-ray colors is that all sources can be represented in the same parameter space, with a somewhat uniform error distribution. Energy band choices inevitably lead to some sources having a gross imbalance in the number of counts in each band. Following the methods of (Hong et al. 2005) , background corrected quantile QDx and QDy values were computed from each source's photon distribution (event list), and spectral model grids were generated using the full Chandra ACIS-I response function. The quantiles values with grids for absorbed power-law and thermal bremsstrahlung are plotted in figures 14 & 15 for a series of cuts in signal-to-noise-ratio (S/N> 3, >5, >10). In both fields, all of the confirmed pulsars (both with and without detected pulsation in the Chandra data) cluster around power-lawΓ=1, and neutral hydrogen column density nH ≤10 21 . Several unidentified sources lie in this region also, and are therefore consistent with being additional X-ray binary pulsars. In particular there are two objects with S/N>10 (one in Field 1 & one in Field 2) whose quantiles are indistinguishable from specific confirmed pulsars within the errors. We therefore suggest the following objects are pulsars: CXO J005057.1-731008 (XS58479B3-003, net counts = 700), & CXO J005215.4-731915 (XS58479B3-022, net counts= 286). These four sources were further scrutinized for timing features below the 90% blind search significance described in section 3. This analysis revealed pulsations in the two brightest sources CXO J005057.1-731008 & J005215.4-731915 (see section 4). A group of sources with very large extinction occupy the upper right corner of the power-law grid. These are likely obscured active galactic nuclei (AGN) with significant internal extinction. The quantile parameters for these AGN-candidates are consistent with Γ ∼1.7 power-law spectra, typical of the class.
The upper left region of the quantile diagram contains a group of soft sources that extend outside the powerlaw grid, and are consistent with thermal models appropriate for stellar coronae. In the figures we show a model-grid for thermal bremsstralung, and the sources occupy a region approximately bounded by plasma temperatures in the range kT = 0.4 -2 keV and nH <10 21 cm. We note that grids can be constructed for more sophisticated stellar-coronal models such as Raymond-Smith or MEKAL, but for low count sources they provide no additional information.
After accounting for stars, obscured AGN, and confirmed pulsars, we are still left with the majority of our sources. The unknown sources are not randomly distributed in the quantile-plane but lie predominantly in the region bounded by nH≤10 21 and 2 ≤ Γ ≥1 suggesting they are mostly accretion powered sources in the SMC (X-ray binaries, CVs) and beyond (AGN). X-ray binary pulsars can exhibit relatively soft quantiles with Γ ∼ 2, see for example figure 3 in (McGowan et al. 2007 ), so it is plausible for some of these objects to be pulsars observed in a low luminosity or quiescent state. Cataclysmic Variables (CVs) and Low-Mass X-ray binaries (LMXBs) are also expected to appear in this region of the quantile diagram. Additionally CVs and LMXBs are likely to be faint with 0.5-10 keV luminosities in the range 10 31−35 , which is consistent with many of these sources. However, the greater proportion of the objects in this group are likely to be background AGN, which are typically characterized by power-law spectra with Γ ∼1.7 and low intrinsic absorption. The expected nH distribution for background AGN follows the line of sight column through the SMC.
Determination of the nature of each individual source is being sought by an optical counterpart survey , based on photometry obtained with HST and the 6.5m Magellan-Baade telescope.
CONCLUSIONS
The complete source catalog is available on-line in electronic form, it contains positions, count-rates, fluxes and quantiles for 394 X-ray sources (211 in DF1 & 183 in DF2).
We have detected 16 X-ray pulsar candidates in the SMC Chandra Deep Fields (7 in DF-1, 9 in DF-2) based primarily on periodogram analysis of the lightcurves. Two of the newly discovered pulsars were in outburst, and their periods were measurable to a high degree of accuracy. We have therefore assigned the names SXP892 & SXP326 following the convention used by the SMC RXTE monitoring project , (Galache et al. 2008 ). An additional three candidates were detected with sufficient S/N to place them unambiguously on the quantile diagram in the region inhabited by pulsars, in tight agreement with the powerlaw spectral model (Γ=1, nH∼10 21 ) characteristic of SMC pulsars. The remaining 11 pulsar candidates were identified from periodogram detections with blind search significance levels between 90%-95%, or in sources with fewer than 250 net counts. We report these candidate pulsars without an SXP name due to the uncertainty attached to their period determinations, for example we cannot be confident that the fundamental is the most significant peak in the periodogram, or that a small fraction (∼10% for the 90% significance threshold) of these periods could be spurious. In the following discussion we assume that all the candidate pulsars are real detections.
There were 12 X-ray pulsars known in the survey region prior to these observations, 7 in DF1 and 5 in DF2. Thus we have increased the sample of pulsars in the region to a total of 28 ([7+7] + [5+9]). Most interesting is the fact that we were able to detect all the known pulsars in DF2 and most (4/7) in DF1. One of the primary objectives of this project was to find out if HMXB pulsars could be detected between outbursts, and to determine their quiescent luminosity. Using the latest Xray ephemerides produced by the RXTE monitoring program (Galache et al. 2008) we can calculate the (presumed orbital) phase of each pulsar at the time of the Chandra Deep Field observations. The ephemerides were constructed from pulsed-flux lighturves spanning about 10 years of weekly RXTE observations. As such they predict the most likely time of X-ray outburst, which is presumed to reflect orbital modulation of the masstransfer rate from the mass-donor star to the neutron star (the actual orbital ephemeris is not known for any SMC pulsars except SMC X-1). Of the 10 pulsars with an X-ray ephemeris fromn RXTE, 6 were detected far from their normal range of outburst-phase and with luminosity well below outburst levels. Two pulsars (SXP59, SXP7.78) were detected during their normal range of outburst phase. Three known pulsars were not detected, which for a requirement of 5 counts in 100ksec gives an upper limit of L x < 2.6×10 32 erg/s. Of the undetected pulsars, two have X-ray ephemerides and were both observed outside their normal range of outburst-phase.
By detecting 6/10 pulsars for which there are ephemerides, outside of their predicted outburst phase, we have demonstrated that a significant fraction (at least 60%) of these systems have appreciable accretion driven X-ray emission during quiescence. To the six confirmed quiescent pulsars we can add the 14 candidate quiescent pulsars, whose 2-10 keV luminosities are substantially lower than normal Be-pulsar outbursts. This new sample is consistent with a large population -about twice the size of the known pulsar population-of quiescent "normal" pulsars. It is also possible that some are in a perpetually low luminosity state, such systems are known in the Galaxy, for example X Per. The theoretical work of (Okazaki and Negueruela. 2001) informs us that Be/NS systems with low orbital eccentricity accrete at a very low constant rate. The Be star's circumstellar disk in such systems is permanently tidally truncated (at the 3:1 resonance) well within the neutron star's orbital radius, except during large mass-ejections (the assumed cause of type II "giant" outbursts) . This picture neatly explains how more than 50% of the X-ray pulsar population has remained hidden from RXTE and is only now coming to light.
Pulse profiles created for every pulsar detected in the Chandra data show a range of forms. The typical pro-file shows significant flux above the un-pulsed component for most of the pulsation cycle. A qualitative distinction exists between profiles that are broad and asymmetric (e.g. SXP326), and those that are strongly peaked which tend to be narrower and more symmetric (e.g. SXP172). These differences are likely due to differences in geometry of the emission regions (polar caps). The literature documents several efforts to model X-ray pulse profiles in terms of combinations of fan and pencil beams (See for example (Parmar et al. 1989) ). Broad and cuspy profiles are attributed to fan beam geometry, where the Xray beam has the form of a (somewhat irregular) hollow cone, due to obscuration of the central part of the polar cap by the incoming accretion stream, or reflection/reprocessing effects. Narrow profiles more closely resemble radio pulsars and are accordingly interpreted in the "light-house" model, as collimated beams (pencil-beams) emanating directly from the polars caps.
Including only sources with S/N>5, and counting the sources populating regions defined on the quantile diagram (Figures 14b & 15b) , we estimate of the proportion of candidate HMXB, Stars, AGN & obscured AGN in each field. These numbers are then used to estimate the absolute number of XRB, stars & AGN in the Deep Fields. We multiply by the fraction of high S/N sources in each category by the total size of the catalog down to the completeness limit of our dataset. Uncertainties are computed by taking √ N of the number of 5σ sources, propagated to the full sample. We defined a flux limit corresponding 10 count source at the Chandra/ACIS-I aimpoint in our 100 ksec stacked dataset, to approximate the completeness limit of our sample. We do this calculation using a flux limited sample because our flux calculations include correction for Chandra's changes in sensitivity and spectral response with distance from the aim-point. If a count limit were used instead, it would not be uniform across the field. Each source has a 0-5-8 keV flux computed based on its quantile values and the exposure map, a 10 count limit at the aimpoint translates to a flux limit F x >10 −15 erg/cm 2 /s. In Deep-Field-1 we find 10.7% Stars, 53.3% AGN (of which 9% are obscured), and 35.7% XRB. Multiplying these percentages by the number (131) of sources down to our completeness limit yields 14±6 stars, 71±17 AGN, and 46±13 HMXB.
The same analysis of Deep-Field-2 yields 10.5% Stars, 50% AGN (of which 7.9% are obscured), and 39.5% XRB. Multiplying these percentages by the number (107) of sources down to our completeness limit yields 11±6 Stars, 54±16 AGN, and 42±14 XRB.
For comparison with our observations, we first estimated the expected number of background AGN in our survey based on the work of (Kim et al. 2007 ). For the same flux limit of F x >10 −15 erg/cm 2 /s, (Kim et al. 2007) Figure 4 shows of order 10 3 AGN per sq. degree. Thus for an ACIS-I field of view (16'×16') one expects to see ∼71 AGN per field. The purpose of this comparison is to determine whether our proposed large expansion in the X-ray binary population of the SMC is reasonable in the light of what is known about the background AGN population. The AGN number for DF1 is remarkably consistent with our prediction based on the AGN luminosity function of (Kim et al. 2007 ) . We note that DF2 contains a large X-ray bright supernova remnant which likely explains the slightly (23%) lower AGN numbers in this field. Systematic errors were estimated by varying the boundary of the region in the quantile plane used to classify the AGN. Moving the boundary between Γ=1.2 -1.5 changed AGN vs XRB fractions by an insignificant amount compared to the statistical error.
Based on the above results, we argue for a large quiescent population of High Mass X-ray binaries (HMXB) in the SMC. Only a small fraction of these systems are in outburst at a given instant in time. The work of (Grimm et al. 2003) demonstrates a universal relation between the integrated X-ray luminosity of HMXBs in a galaxy and the instantaneous star formation rate. This result now must be seen in the light of a similarly universal duty cycle distribution for HMXB populations. At any instant, the proportion of systems in outburst is roughly the same. Although more numerous, the quiescent systems evidently do not contribute significantly to the total luminosity of the galaxy.
We note that Cataclysmic variables and LMXB are expected to occupy the same quantile parameter-space as the AGN, due to their soft power-law and/or hot thermal spectra. Given that our AGN-count is consistent with predictions, there is not a great deal of room for additional source populations. Thus we can already constrain the total number of LMXB and CVs to be within the error bars of the AGN estimate.
The further goals of this project are as follows, and are being pursued in a series of papers in collaboration with our co-proposers.
(1) Classify all the sources by finding and studying their optical counterparts. Discriminating the different source classes is a requisite for aims 3-5 below. Our optical survey is being carried out in parallel with the X-ray survey using the Hubble Space Telescope and Magellan 6.5m telescope. With high resolution imaging/photometry to R,I<26 we will be able to independently classify the optical counterparts to most of the sample. The optical counterpart identifications will enable items 2-4 below.
(2) Construct the luminosity distribution down to faint X-ray fluxes, this will test whether multiple point source populations may be present, vs a monolithic HMXB ensemble.
(3) Search for coronal X-ray emission from the most active stars in the SMC.
(4) Constrain the incidence of LMXBs and CVs in the SMC. CVs should be present throughout the SMC which is dominated by an old population of red giants. Outbursts (Novae and dwarf novae) are extremely infrequent and fainter in X-rays than HMXB. Thus they will be harder to find. No LMXBs or CVs are known in the SMC, and extrapolation from the total mass in stars predicts only a handful of LMXBs , thus an observational constraint (or positive discoveries of LMXB) will provide important input to population synthesis models.
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